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IIpu pa3paloTKe TOMOYHBIX YCTPOMCTB, rasWU(UKATOPOB, TOIUIMBHEIX 3KEK-
TOPOB U [APYTMX AarperaToB KOTEJbHOM TEXHWKH BO3HHUKAET BOIIPOC O [BH-
JKeHMM YACTHI[ TOIUIMBA ¥ 30JIbL 3HATH TPAEKTODHH, BPEMA M CKOPOCTH
IBUDKEHUST YACTHUI[ HEOOXOAMMO /JIsi PACYETOB CKOPOCTH XMMHUYECKOIO pea-
THPDOBAHUSI MATEpHAJA YACTHUIBL, CKODOCTH IIPDOrpEBA M TEMIIepaTyphl dac-
THUI, MECT TNONANAHWS YACTUI[ B OTPaKJAIOllie IIOBEPXHOCTH H T. 4. [l
pellleHusI YKABaHHBIX 3a7a4 MOJKHO HCIIOJIE30BATH MATEMATHUYECKOE MOJe-
JMpOBaHWe, KOTOpPOe II0O3BOJIAET IIPH HEGOJBIIMX 3aTpaTax IIOJIyYaTh 00Jb-
II0e KOJIMYECTBO BAPDMAHTOB MH)KEHEPHBIX DpEIIeHW B XoJe pas3paboTiu
TeXHOJIOTHI ONTHMA&JIGHOTO BO3JEHCTBUSI HA OpPraHWYECKYI0 U MUHEpasb-
HYIO YaCTH TOILIMBA.

3asaud MOJEMPOBAHUA OCOOEHHO AaKTyaJIbHEI IIPH paspaboTKe TexXHO-
JIOTHii 9DHEPreTHYEeCKOTO WCIOJIE30BAHUA IPHOAJTHHACKHAX TIOPIOYMX CJIAH-
IIleB — TOIUIMBA CO CJIOXKHOM MHHEPaJIbHON YACTHIO, IOCKOJBKY MHOTOYMC-
JIeHHble TIPOMBIIUIEHHBIE BJKCIEPUMEHTHI B 9SKOJIOTMYECKH He(JAromosydy-
HOM paliOHe HeJb3s IPOBOJUTH OeckoHeuHo. HacTasio BpeMsA OII€PATHBHO
pa3paboTaTh TaKue TEXHOJIOTUM CXKHUTaHHUA CIAHIEB, KOTOPHIE MO3BOJISIN
OBI, C OJHOW CTOPOHBIL O0ecreunBaTH BBHICOKYIO HANEIKHOCTE U 3P eKTHB-
HOCTH CIKMTAQHHUS, & C APYIOM — MAKCHMA&JIGHO WCIOJH30BATH 30JIy M IILIAK
B HAPOJHOM XO3SMCTBE IIPU MHWHHMMAJIHHOM OTDHIATEJIbHOM BIMAHWUNA TeEX-
HOJIOTHI COKWTaHHS HA SKOJIOTUYECKYIO 0OCTAHOBKY.

Jlo mocyegHero BpeMeHH B IIPAKTHKE MOJE/JMPOBAHMA OOBIUHO WCIIOJIB-
30BaJIM pacYeTHblE CXEMEI, OIMCHIBAIOIE IUIOCKOIAPAJUIEJIGHOE IBHIKE-
HHe YaCTHI] IIOCTOAHHOM M IepeMeHHON Macchl [1, 2]. OgHako B 3HEpreTH-
YeCKHX, CYIDUGHBIX ¥ O0OTaTHUTE/IHBIX AarperaTtax, IPOTOYHBIX XHMHYe-
CKMX DpeakTopaxX ¥ T.J. IIMPOKO pACIPOCTPAHEHBI OOBEMHBIE TEUYECHUS,
KOTOpble MOTYT OBITH IIDEJICTABJIEHBI KAK IUIOCKONADPAJUIEJBHBIE TOJBKO
B IIEPBOM INPHOJIKEHUN. ;

B ny0imxyemoif cTaThe OIMCHIBAETCS pacuyeTHAss MOJEJb JBUIKCHUS
YACTHI] B TPEXMEPHOM IIPOCTPAHCTBE.

B o6mem ciyuae ABuKeHWE YACTHUI[ B IIOTOKE TIa30B MOJYKET OBITH OIM-
caHo ypaBHeHueM Memiepckoro (Bce 00o3HAueHHsi cM. B IlpuioskeHuw) :

m dV/dt = 2P, + (W, — V)dm/dt. 1)
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ByzeM cuuTaTh, YTO Macca 4YACTHMI[ M3MEHAETCA MeJJIEHHee, YeM OCTaJlb-
Hble IIAPaMETPhLI CHUCTEMEL, ¥ IIO3TOMY NPUOJIIKEHHO

m dV/dt = 3 [P;. (2)

OCHOBHBIMM CHJIAMM, [JEMCTBYIOIMMM HA YACTHI[y IpPH €€ JBUKEeHUM
B IIOTOKE I'a3oB, 10 JaHHBIM [ 3—5], sBisIOTCA:
1) mOBEpXHOCTHEIE CHJIBI (Pc — cuia JIoﬁoBom corrpo'rmemm, P A —
cuwia Apxumezna; 2
2) - Bec yacTuisl P = mg; &
3) cuibl, cBA3aHHBIE C TIpajgWeHTaMu rasoBoro mnoroka (Py.ox — cuma
Marnyca- ¥ yKoBCKOTO, TpajgueHT CcKopoctedl; Pr — cwa TepModopesa,
rPajiieHT TeMIIEPaTyp) ;
4) cwbl, cBA3aHHBIE C YCKOPEHHEM YACTHIIBI (P p — CHJA IIPHUCOEJHHEeH-
HOM Wwm oTOpomeHHOM Macchl, Py — cuna Bacce, HecTamuoHapHoe o6Te-
KaHMe YACTHIIEI) ;
5) cubl, BOZHHUKAIOIME BCJEACTBHE TYPOYJEHTHBIX IIyJbCAllMii Tra30BOTO
moToka (JeiicTBMe B5THMX CHJI MOJEJMpPYeTcsl BBeJeHHeM Kod(dduIeHTOB
HCKAKEHUsI II0JIA CKOPOCTEeH CIeIHaJbHBIM OJIOKOM IIPOrPaMMEI) .

YKazaHHBIE CHJIBI MOTyT OBITH OIMMCAHBI CJIEeAYIOIIMMKY YPaBHEHUAMMN:

P,=1/2 Cfo (W —V)|W —V|; 3)
PZng; (4)

Py= —0q08; (5

Py — 1/16 a28%,[(V — W)dﬁ’f/drz]; | (6)
P,— —1/2 vg, dv/dt; (7

Pp— 2nv’0,8ha/[2(2hy + Ao (Ty — T)/Bg); ®)
Ps= —2/3 8%,(xv)1/2[ 5r(dV /dn) [dt /(xr — 1)*/7]. )

Ilepen paspaGoTkoii anropurma pacdera NBHIKEHHUS 4aCTHIL OBIyIH OlIe-
HEHbI OTHOLIEHUS CUJI Py, Py P Pr, PB K OCHOBHEIM [JeHCTBYIOIIMM Ha
yactuny cuiam — P, u P (Tta6u. 1) IIpu 3TOM GBI IPUHATHI CIELYIONIHAE
YIIPOIIEHUA:

— YacTHIAa CYMTAETCHA IIapOM;
— CKOpPOCTh BHUTAHMA YaCTHIBI €CTh MHHHUMAaJIbHO-BO3MOYKHAS CKOPOCTB
OTHOCHUTEJILHOTO ABUKEHUST;

—(To—T) /8o ~ grad Tu— dTy/dX i + dTw/dY j + dTa/dZ k. (10)

C y4YeTOM IOJy4YEeHHBIX OIICHOK M OCOOEHHOCTeHl HH3KOTEeMIIepaTypPHOIro
Buxpesoro ( HTB) Tomounoro mporecca (Haymure o6GJacTeil ¢ BHICOKMMM
rpajiieHTaMH TEeMIIEpaTyp M CKOPOCTe# Tra3oBOTO IIOTOKa) OBUIO peleHo
OIIEHUTHh BO3JIeHCTBHE BEJMYAHBI CHJI P, P PM sk, Pr KOJMYECTBEHHO.
C yueTOM YyKA3aHHBIX CWJI ypaBHerue (2) B mpoeKIMaX HA OCH KOODAH-
HaT OX, OX, OZ uMeeT CJeAYIOIIAA BUA:
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mdV . /dt = Co,f/2(Wx —Vx)A + B[(Vy — Wy)dW,/dZ —
— (Vg —W ) dWy /dY] — C dT, /dX;

m dVy/dt = Ce,f/2(Wy — Vy) A + (11)
+Bl(Vz —Wz)dWx /dX — (Vx — Wx) dW, /dZ] — C dT,/dY;

m dVy /dt = Co,f/2(W; —Vz)A +
+ B[(Vx — Wx)dWy/dY — (Vy — Wy) dWx/dX] — CdT, /Z—mg;

WIEA—[(WX— 3x) +(WY""VY) +(WZ—Vz)2]1/2
B—1/16*t pL0;
C = gmv’ On 6}» /[2(27»n+7»q)Tn].

Temmoo6MeH UYaCTUIEI C TOTOKOM TIAa30B YAOBJIETBODUTEJLHO OIMCHI-
BAEeTCS YPaBHEHWEM, YYMATHIBAIOIMM TEIUIOOOMEH KOHBEKIME M  H3JIyde-
HUEM:

dT., /dt = 6Nul, /C. 8%, (T, —T.) +
~+ 6e00/(Cy804)[(Ty /100)4 = @/ 100)4], (12)

WcxopHBIMM JaHHBIMUA [AJA pacyeTa CHCTeMBI ypaBHeHm# (11)—(12)
ABJIAIOTCH: §
— HavasbHBIe yeaoBuA: t =0; m =mo; Vx=Vxo; Vy=Vyo; Vz=
— W oaos X X5 Ye—uXi0;: Li—Llnd 508

— TrpaHWYHBIE YCJIOBHUS: OTDAHWYMBAIOIIME TOIIOYHEIE IIOBEPXHOCTH 3a-
JaioTcs ypaBHeHUsIMU IutockocTeir Tunma AX + BY + CZ = D;

— IOJIA 'CKOPOCTEeH Ta30BOTO IIOTOKA 3aJal0TCAd 3HAUYEHUSMH IIPOEKI[I
BeKTOpa ckopoctd Ha ocu OX, OY, OZ B y3/ax CeTKHM, Ha KOTODYIO pasbur
o0beM .ycTpolicTBa; pasbueHme o6BeMa IIPOM3BEJEHO IUJIOCKOCTAME, IIapaJl-
JeNbHBIMU IIOCKocTsaM XO0Y, XOY, YOZ c marom no ocam OX, OY, OZ
cootBeTcTBeHHO 1 X 1 X 2 M™;

— IIOJIe TeMIIepaTyp ra3oB 3aaHO 3HAYECHUAMU Ts y3J1axX CeTKH.

YucseHHoe pelneHue cucreMbl ypaBHeHuii (11) —(12) pea/msoBaHO B
BHJle IIPOrpaMMbl, HAIMCAHHOM Ha #A3bIKe PoprpaH-4 (Bepcus mis SBM
CM-1420). Biok-cxema MporpaMMbI IIpeACTaBiIeHa Ha puc. 1.

IIporpamma cocTouT U3 15 GJIOKOB:

1 — 6J0oK omcaHusi (POPMAJIBHBIX IIAPDAMETPOB;

2 — OJIOK CpaBHEHHS KOOPAWHAT YACTHUIBI X TOIIOYHBIX ITOBEPXHOCTEH
HATpeBa; €cJM MPOM3OLUIO KacaHue WM 4YaCTHla BbIIUIA 32 Ipejesbl
TOIIKK, TO IEeYATAETCA COOTBETCTBYIOIEE COOOIIEHUE;

3 — O6JIOK, TO3BOJIAIONMI H30€XKATh 3aIUKJIMBAHUSA PACUYETOB IIPUM MHOTO-
KPaTHBIX «yZapax» O IMOBEPXHOCTL HArpeBa;

4 — OJIOK OIpefesieHUs IO KOODAWMHATAM UYACTUIBI KOOPAWHAT MIPOCTPaH-
CTBEHHOM SUYEMKH, B KOTOPOIl HAXOAUTCS YACTHIIA;

5 — OJIOK oIpefesieHUsT METOAOM JIMHEMHONW WHTEPIIOJIAIMN II0 IIPOEK-
IMsIM CKOPOCTeIl IIOTOKA M €ero TeMIepaType COOTBETCTBYIOIIMX 3HAUYEHMIA
XapaKTEepPUCTUK TOTOKA B MECTe HAXOXKACHUS YACTHIIHI;

6 — JorMuYecKuii OJIOK, HAIIPABJIAIONMI pacueT IIPU KACAHWKM IIOBEPX-
‘HOCTH B OJioku 13 u 14, B mpoTWBHOM cJjydyae B OJOK T7;
7 — OGJOK pacyeTa OTHOCHTEJIGHOM CKOPOCTH YACTHIIBL, KHHEMATHYECKOMH

BA3BKOCTH IIOTOKA, IUIOTHOCTHM M TEIUVIOIIPOBOOHOCTH IIOTOKA, KPHTEPHA U
Koo(duipieHTa JI060BOTO CONPOTHUBIEHUS YaCTHIBI ( OPMYJIBI OIMCAHBI
B {1 2])5

8 — 6JIOK pacueTa TIPAJUEHTOB CKODOCTH U TeMIepaTyphl IIOTOKA B JaH-
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Puc. 1. Biok-cxemMa mporpaMMBI pacdeTa ABHYKEHHUS YaCTHUI[ B TpeX-
MepHOM of6Beme

Fig. 1. Flow chart of the program of calculating the particles motion
in a three-dimensional space

HOHM TIPOCTPAHCTBEHHOM #AYeliKe KaK Y/EeJbHBIX CPEeIHUX WN3MEHEHMH COOT-
BETCTBYIOIIMX IAPAMETPOB;

9 — OJyoK umcyieHHOTO pelleHua ypaBHeHwit (11) —(12) wmeromom Pynre-
Kyrra ueTBeproro mopsfgkKa TOYHOCTH, IIAT WHTEIPDUPOBAHMA II€peMeH-
HBIi, 3aBUCAIE OT BEKTODHOH DAaBHMILI CKOPOCTEH IIOTOKA M YACTHIIBI
CW.—Y);

10 — 670K IIpeKpallleHWs pacyeTOB B CJIydyae, €CJIM TeMIlepaTypa YACTUIBI
OyZeT BBIIIE TEMIIEPATYPhI IJIABJICHUS;

11 — O6Jyok mepexoja K <CJEAYIOIIEMY aHAJM3UPYEeMOMY pas3Mepy YACTHIL;
12 — moamporpaMma rpagOIOCTPOEHUA TPAeKTOPUM YacTHUL, B 00BeMe
TONKK, KOTOpas BBI3BLIBAETCA IIOCJE OKOHYAHHMSA BCEX DaCueTOB;
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" Puec. 2. Tlonsa ckopocTeii ra3oB B TOMOYHOH KaMmepe koTxa TII-17-HTB:
a —ceuenune ¥ =0 M, Y=4 mM; 6 — ceuerue Y =1 M, Y =3 m;
6 — ceuenue X — 0 M; 2 — ceuenue X —=1 ™
Fig. 2. Velocity fields of gases in the furnace of the boiler TH-17-LTV:
a — section Y=0m, Y=4 m; 6 — section Y=1m, Y=38 m;
6 — section X =0 m, 2 — section X =1 m

13 — moxmporpamMma jisi pacyeTa INPOEKIWH CKOPOCTH YaCTHLEI IIOCe
«yJapa» O HOBEPXHOCTH TOIIKH;

14 — mopmporpaMMa /IS ONpeJeJeHHs HAMPABJLIIOIMX KOCHHYCOB HOBOM
CHCTEeMBI KOOPAUHAT C IIEHTPOM B TOUKEe <«yZapar;

15 — moamporpaMMa, B KOTODPOM COZEpsKATCA IIpaBble YACTH ypaBHEHMH
(11) —(12).

WcxomHble JaHHBIE [JisI pacueTa TpexXMepHoro aBmwxeHus uactmn, CaO
u CaCO;3 pazmepom 100, 200, 500 u 1000 mxm 6B 3afaHBI B COOTBET-
CTBHU C TeOMeTpHel, aspPOAMHAMUKON M TeMIepaTypHBIMU IIOJSAMH KOTJA
TII-17-HTB IIpu6anruiickoit 'PIOC (marpyska 180 T/u, wm 50 kr/c).
Ilpumep 3ajaHus TOJSI CKOPOCTEH Ta30B B DA3JIMYHBIX CEYEHHAX TOIKH
npencTaBied Ha puc. 2. Ilpm peleHMM paccMaTpUBaJach TOJIBKO JieBas
MOJIOBUHA 00'beMa TOIIKH.

IIpu pacueTe TPAEKTOpPW MABMKEHHS YACTHI] II0 OIMCAHHOM IIporpamme
YUTEHBI:

— cmia JIOGOBOTO COINPOTUBJIEHHUSI C YYETOM BJMSHUS OTHOCUTEJBHOM
CKOPOCTH JBFOKEHHS 4YACTHUILI HAa BeJMunHy KodhduipenTta Jso60Boro
COTIPOTHUBJICHUS;

— CHJIa Beca YacCTHIIhI;

— cuima Marnayca- i yKoBCKOTO;

— cuia Tepmodopesa; :

— H3MeHeHHue TemI0(MH3UYEeCKUX CBOMCTB IOTOKA rasoB (Q,,Vv) B 3aBHCH-
MOCTH OT TeMIIEPaTyphI;
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Tabauya 1. Onenxa ormomenus (P;/P, uau P;/P) neicTByOmIAX Ha YACTHIY CHJI
Table 1. Evaluation of the ratio of forces (P; /P, or P; /P) influencing the particles

Cwia
Apxumena Marnyca-3ykoBckoro Py.ix IIpucoenu- Bacce Pp Tepmo-
Pp HEHHBIX dopesa Pr

mace Pp

ou/gu~  (%/2)(30ud/48Cu0s)"/?dW/dn ~  ou/20a ~ 3-10°67'X ~ gradTq
10 ~ (4:107% — 3.10~%)dW/dn ~ 104 X (r,)l/2 i (e
~ 107>

— B3aMMOJENCTBHE YACTHI[ C IIOBEPXHOCTSMM HAIDEBa, PACCUATAHHOE HA
OCHOBaHWU IIOJIOMKEHUI TEOPHUM YIIPYIOro yJapa;
— BO3MOJYKHOCTb H3MEHEHUA TIeOMEeTPHH TOIIOYHOIO YCTPOMCTBA, pacuyer-
HOM CETKH M TIOJIel CKOpPOCTe M TeMIlepaTyp ra3oB.

B pesymbraTe pacuetoB (pmc. 3; TaO/L 2) IOJYdYeHO:
1. CpaBHeHHe TpaeKTODUIl JBMIKEHHS YACTHI[ C YYeTOM CHJI P., P, Pyx
uPr wm Tomsko P, u P mokasbmsaet, 4TO B CPEAHEM Ii0 TOIKE BJMSHUE CHII
Py u Pp Ha TPAEKTODPHIO JBUIKEHUS YACTHIBI TPH 3HAYMTELHBIX Das-
Mepax sJyieMeHTapHOM siueiiku (1 X 1 X 2 M) maso.
2. TloxkazaHO HEKOTOpPOE OT/IMUME TPACKTOPHUH [JBMMKEHHWSA YACTHI] pasMe-
pom Gosee 400 MKM ©NpM NPOXOXKAEHWM BBICOKOTDAJMEHTHBIX O6JacTeit
HUJKHErO [AyThdA, BO3MOJXKHO, BBI3BaHHOe jJeiicTBueM cwi Pwy.gx u Pg.
3. IlokasaHO B3HAYMTEJIEHOE CMEIleHWe 4YacTHll pasmepoM OoJsee 400 MM
BIOJIb (DPOHTOBOTO CKATa KOTJA; IIOJIE CKOPOCTEH Ta3oB 3aJaHO TAKUM
0o0pa3oM, YTO TIOpeJIOYHBIE CTPYH, BBIXOASA IO YIVIOM 75° K ILIOCKOCTH
¢dpoHTOBOrO 5KpaHa Ha paccTosHMM 1,5 M OT HEro, CMBIKAIOTCS X HA pac-
CTOAHMM 3 M TIOJIE CKOPOCTE# BHIDABHUBAETCS, TO €CTh CTAHOBUTCS IIPAKTH-
YeCKH IUIOCKOIAPAJUIEJIbHBIM; OJHAKO HAYAJIGHBEIA MMITYJIGC YACTHI[ [AaeT
MM BO3MOXXHOCTH IIEPEMEIeHUsI BAOJb OCH Y.

Tabauya 2. CpegHAa mo Tonke BenwduHa cui P,, P, Py, Pr*, H
Table 2. The mean value of forces P,, P, Py, Pr, N
(in all cases Py is << 1-10~'° N)

Pazmep vacTuil, MKM B P Pyox
100 ; 315 10_° 1,03 X 10—8 4,64 % 1013
200 ' 3,66 X 107 821 X 10~7 2,03 X 1011
500 1,77 X 109 1,28 X 10— 7,91 X 10—10
1000 8,64 X 10—6 1,03 X 105 8,24 X 10—9

* Pp BO BCex ciydasx menee 1-10—19 H.

4. Ilpy CKOpPOCTAX HIJKHETO JAYThs 20 M/Cc dYacTuIEI pasmepoM GoJiee
500 MM 3aBHCAOT Ha (DPOHTOBOM CKATE TOIIKH.

5. Yactumpr pasmepom Gosiee 100, Ho menee 300 MKM IPOXOIAT MeKIY
TOpeJIKaMH, HO TOJ, AeiCTBHEM Beca BO3BpAILAIOTCS B TIOPEJIOYHYIO CTPYIO,
yacTuipl pazmMepoM 300 MKM OKAa3bBAIOTCS IMPKYJMPYIOIIMMUA B IIpefe-
JIaX HUDKHEW IIOJIOBHUHBI TOIIKH.

6. PacueTHble [gaHHBIE O TPAEKTOPUSX MBM)KEHHS UYACTHI[ B TOIKe KOTJIA
TII-17-HTB umeloT Xopolllee KAYECTBEHHOE COBIAZEHWE C KapTHUHOHM [BU-
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Puc. 3. Tpaekropuu asuxenus dactun CaO u CaCO; B Tomke KoTia
TII-17-HTB: @ — npoxoJibHBEIH, 6 — TIONEpPEeYHEIH pa3pe3 TOIKH;
1 — npu yuere cun P, P, Py .y, Pr; 2 — npu ydere cun P, u P.

Fig. 3. Trajectories of the motion of CaO and CaCo; particles in the
furnace of the boiler TH-17-LTV: a — longitudinal, 6 — cross-section
of the furnace; 1 — taking into consideration forces P, P, Py, Pr;
2 — taking into consideration forces P, and P

JKEeHHMS ¥ CKOIUIEHMS YACTHI[ 30JIbI M 06JacTeil M3HOCA MeTaUla TPyO peasb-
Horo komma TII-17 (cr. Ne 13) Ilpubasnrmiickoit T'POC. 9T10 moxTBepakzaeT

NPUMEHUMOCTh ¥ DeajbHYyI0 OCYIIECTBMMOCTh MOJEJM /Jisi pacuyera [BH-
JKEeHMSA YaCTHI] B CJIyuae O0BeMHBIX TeUYeHWI.
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IIpuiaoskeHHe: yCJIOBHBIE 0003HAYEHHA

m — Macca uACTHIBL, V., — BEKTOP CKODOCTH UYACTHIIEI; W, — BEKTOD CKODOCTH
OTOpPACHIBAEMBIX W INPHCOEAMHEHHBIX MacC; W, — BEKTOD CKODOCTH IIOTOKa; P; —
BEeKTOp i-# AelicTBylomed Ha uacTuiy cwibl; 0, V' — pguaMeTp U 00BeM UACTHIEI
f — wmpmeneBo ceuenme uactuipl; C — Ko3dduipeHT JIOGOBOIO CONPOTHBIICHHU,
Qus On — IUIOTHOCTH YACTHILI U NOTOKA; 03 — TOJIIMHA TOTPAHWYHOIO CJIOS OKOJIO
wactuipl; T, Ty, Ty — TemmepaTypa cakesa, MOTOKA M YACTHILI COOTBETCTBEHHO;
£ — YyCKOpeHHWe CBOOOZHOTO TANEHUWS; Ay, Ag — TEIUIOIPOBOJHOCTh YACTHILI H
IIOTOKA; V — KHHEeMATHUYECKAs BA3KOCTh IIOTOKA; T, — BpeMsA peJIAKCAIlMy YaCTHI]
IpU TYypOYJeHTHHIX IIyJILCALMAX TONOYHBIX ra3oB; Cy — TEIUIOEMKOCTb YACTHIBI;
& — IpUBEJIeHHAS CTENeHb YEPHOTHI CHCTEMBI YACTHIA—IIOTOK, [1]sa00%s K03 du-
IMEeHT U3Jly4eHus aGCOJIOTHO YEepPHOTO TeJa; T2E P B P s P,,, IS TP B i
JI0GOBOTO CONPOTHBJIEHMs, MaccoBas, Apxumezna, MarHyca-#{ykoBCKOro, Ipucoe-
JIWHEeHHBIX Macc, TepMogopesa u Bacce COOTBETCTBEHHO; I — IVIABHAA HOPMAJbL K
tpaexropun; Nu = 2 + 0,03Re®%¢ Pr%3® + 0,35Re®®Pr®% — wmcno Hyccessra;
Re + | V | /v — kpurepuii Peiinonbaca; Pr — kpurepuit Ilpanarnsa; NDK — kosnu-
yecTBO aHaym3upyeMmbx uacTmi; IKAC — HOMep IIOBEPXHOCTH, O KOTOPYIO IIpO-
usomesn «yzap»; CTEHKA, HCOS, YIAP, SISTEM, GRAF — HazBaHusa NOJ-
nporpamM; T'ma.x — TeMmimepaTypa IUABieHus dactumpl; TY]I[ — B3azepskka Bpe-
MeHH cueTa Iocyie «ymapa»; Vx, Vy, Vz, Wx, Wy, Wz — mnpoekiuu BeKTOPOB CKO-
POCTH 4YaCTHMIIHI M IOTOKA HAa ocu koopauHat; SUB. = SUBROUTINE.

ITogcrpounkie uHAEKCH: 0 — HadaJbHBIE YCJIOBHA, U4 — YaCTHUIA, I — IOTOK,
& — daxen; X, Y, Z — npoexuuu Ha ocu OX, OY, OZ.

SUMMARY

Mathematical modelling of the motion, chemical reactions and heat exchange
of fuel and ash particles with gas-flows by developing furnaces and other
equipment is important from a viewpoint of obtaining a great number of design
solutions of the equipment. In addition, mathematical modelling of the above
processes is also of importance when oil shales as a fuel with complex mineral
matter are used for power purposes. At the present time it is necessary to
develop such oil shale technologies which are harmless to the environment.
Mathematical modelling offers possibilities in this respect.

Up to now, the calculation schemes applied to modelling described the motion
of fuel and ash particles in plane-parallel currents. However, the gas-flows
present in power equipment only at first may be represented as being plane.
In the present work, a set of equations has been proposed describing a three-
dimensional motion of particles of constant or variable mass in predetermined
(from experiment or calculation of the aerodynamics of the non-laden flow)
fields of rate and temperature of gas-flows on applied to the TIEF17 boiler
(low-temperature vortical) of the Baltic Thermal Power Station (Fig. 1).

The motion of particles was described by the Meshcherski equation (eg. (1)).
After evaluation of the main forces influencing the particles the equation
includes the following parameters: 1) drag force; 2) particle weight; 3) Magnus-
Zhukovskii force; 4) thermophoresis force (Table 1).

The furnace chamber was divided into rectangular cells by planes parallel
with coordinate planes XOY, XOZ, YOZ (Fig. 2). The coordinate axes are
fixed and connected with the lower left corner of the furnace. In the inter-
section nodes of the above planes. values of projections of the rate and tempe-
rature vectors of gases were given. Calculations of the motion of CaO particles
of constant mass (size 100, 200, 500 and 1,000 pm) were performed (Fig. 3):

17 Bs; plane and volume representation of the furnace chamber.

2. By taking into account the first two and all four forces influencing the
particle. In both cases the corresponding changes were made in the set of
equations. As a result of this work, qualitative agreement between calculation
results and data on operation of the TIF17-HTB boiler was obtained. The pos-
sibility of modelling the motion of particles in volume currents is shown.

3. A shift of trajectories of the motion of particles along the axis of the vortex
is demonstrated.
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4. The absolute values of the forces influencing the particle (newtons) and the
values of weight and drag forces were calculated (Table 2). The latter were
higher than those of thermophoresis and Magnus-Zhukovskii by a factor of
10° and 10°—10", respectively. As the Magnus-Zhukovskii force depends on the
gradient of the rate field and the curvature of the trajectory, this result is
not final because higher dimensions of the volume grids into which the boiler
furnace was divided (1 X 1 X 2 m) were used. This smoothes the effect of
gradients of the flow rates of burner jats and that of the lower draught.

Also other forces influencing the thermophoresis forces need further study.
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